SATNAM SINGH, MADHU H. PADI, HENRIETTA BULLARD and HUGH FREEMAN Summary: Compulsive water drinking is associated with a broad spectrum of psychopathology, from mild neurosis to psychosis. Since the normal kidney is capable of excreting large volumes of fluid rapidly, water intoxication requires both a pathological basis and a psychiatric explanation of why so much water is being taken. Excessive water consumption can be dangerous, so that the fluid intake of patients with a history of polyuria together with a low urinary specific gravity should be closely observed. Four casesof water intoxication resulting from psychogenic polydipsia are described, three of them in chronic schizophrenics, where inappropriate ADH secretion might represent part of the psychosis.
Dependence may occur on substances which lack the potential for producing physical tolerance or any demonstrable action on the central nervous system (Edelstein, 1973) ; since water does not alter perception, behaviour, affect, or physical func tions, it must presumably fulfil some psychological need if dependence on it occurs. Rowntree (1923) was the first to report water intoxication, and since Barahal's (1938) description of this with compulsive water drinking, some further 50 cases have been reported in the English-language literature (Shevitz et a!, 1980) . The most comprehensive review of the subject is by Barlow & De Wardener (1959) . Stevko et a! (1968) suggested the term â€˜¿ primary polydipsia' for â€oe¿ the ingestion of water in excess of that required to maintain normal water balanceâ€•, which needs to be distinguished from â€˜¿ secondary polydipsia', i.e. the effort to maintain homeostasis when there is abnormal fluid loss.
â€˜¿ Compulsive water drinking' usually refers to continuous or habitual drinking of greater than normal quantities of water, and â€˜¿ psychogenic polydipsia' to the consumption of excessive quanti ties in a relatively short period of time; the latter is more likely to lead to intoxication.
This kind of behaviour is well recognised in psychiatric patients, but does not usually lead to intoxication, due to the compensatory excretion of large volumes of dilute urine by the kidneys. Up to 20 litres of water per day can can be drunk without intoxication developing, unless exogenous anti diuretic hormone (ADH) is administeted (Khamnei, 1984) . However, Raskind (1974), Rendell et a! (1978) , and Di Maio et a! (1980) have between them reported four cases in which death resulted; in the last of these, the vitreous humour revealed severe hyponatraemia at post-mortem, which substantiated the diagnosis.
Jose et al (1979) reported a prevalence rate of 6.6% for psychogenic polydipsia and of 3.3% for waterintoxication amongstan overall population of psychiatric patients. On theotherhand, Blum eta! (1983) found that17.5% were compulsivewater drinkers; the real figure is probably somewhere between the two, but both psychogenic polydipsia and water intoxication are probably under-diag nosed in psychiatric practice, resulting in prevent able morbidity and mortality (Fowleretal, 1977) . In chronic compulsive water drinkers, the fluid intake and urinary output vary from day to day, but the urinary specific gravity tends to be less than 1008; such patients generally do not develop severe hyponatraemia, and many have lowerthannormal blood urea nitrogens.
Excessivewater drinkingisusuallyrelatedto significant psychiatric disorder, but this covers a broad spectrum from neurosis or personality dis order to psychosis (Chinn, 1974; Noonan et a!, 1979) .Walls et a! (1977)describecaseswith a history of vague illnesses, neurotic traits, frequent job changes, and unsatisfactory sexual adjustment, which may go on foryearsbeforethe disorder is diagnosed, usually througha traumatic eventorlife stress. However, 17 out of 23 previously reported cases of water intoxication due to polydipsia were grossly psychotic, and two schizophrenics had evidence of inappropriate release of ADH, which might be part of the schizophrenic disorder (Hob son & English, 1963; Khamnei, 1984) .
Early symptoms of water intoxication include; headache, blurred vision, vomiting, excessive per spiration, incoordination, and excitability, while more severe features are muscle cramps and twitches, delirium, stupor, coma, and convulsions; the latter are manifestations of increased neuro excitability, produced by sudden dilution of the body solutes. This syndrome develops when the water excess is profound or rapid in onset, so that the patient cannot excrete it fast enough to prevent a positive balance, although the renal diluting capacity isnormal (Finkel, 1972) . The syndrome of inappropriate secretion of anti-diuretic hormone (SIADH) had been an associated finding, of possible aetiological significance, in a number of casesofwaterintoxication, resulting from compul sive waterdrinking.
Case Histories
Case 1 A man aged 46 was admitted with a history of three episodes in which he had become vague, indecisive, and unsteady,with lowered levelof consciousness, incoherence, and lackof response; hisfather reported excessive consumptionofwater by the patient. Two weeks before (which was shortly after theanniversary ofhismother's death), he had been admittedto a generalhospital after a grand mal fit, though there was no previous history ofepilepsy. He was found thentohave developed water intoxication from compulsive water drinking.
At the age of 18, he had been diagnosedas suffering from depression in the setting of an anxious,inadequate,immature, dependent,and schizoid personality. He received psychiatric treat ment, including ECT, over the next three years, and then worked irregularly. After his mother's death,hisfather continuedto lookafter him, and threeyearsbeforeadmission, the patient gave up hisjob; hisdepressionimproved slightly with a course of ECT, four months before this present admission.
When working,he used todrinkbeerdaily, but afterwards he couldnot afford this, and started to drink large amounts of water instead; he craved it at times,and itmade him feelslightly drunk. On admission, he was depressed and preoccupied with thememory ofhismother;he lackedconcentration, but was fully orientated.
He was observed to be drinking and passing excessive amounts of water, despite close observation by the nurses. Serum biochemistry was: Na 134 mmol/1 (132â€"146),K 3.6 (3.5â€"5.0), Bicarb. 21(21â€"28) , Urea 1.8 (2.5â€"6.7), Osmolality 264 (275â€"290).
(Normal values in brackets).
On the ninth day, his condition deteriorated; he complained of headaches, vomited twice, had slurred speech, and his level of consciousness was lowered, which was followed by two grand mal fits; EEG showed minimal excess of diffuse, sporadic theta activity over both hemispheres, consistent with a metabolic toxic state. Serum results were: Na 114,K 2.7,Bicarb.19,Urea 1.8,Osmolality 227 mOsm/kg and Urine Osmolality 154 (300â€"1000 mOsm/kg). The above results were consistent with a diagnosis of water intoxication, secondary to psychogenic polydipsia. The serum ADH was not assayed.
With close supervision of fluidintake to a maximum of 1.5 L/day,his conditiongradually improved.Afterrecovery, he was advisedof the dangersofwaterintoxication and giventheoppor tunity to verbalise his feelings of grief for his mother; he is continuing to attend the clinic, and is maintaining hisimprovement.
Case 2 A 36 year-old male schizophrenic was admitted to a mental hospital from a prison, where he had suffered a relapse of hiscondition. He had had several admissions to the same hospital before for similar relapses, but there was no history of fits. On admission, he was described as being excited, thought-disordered, deluded, and auditorily hallu cinated. He refused the usual routine physical examination and any medication; he had also refused all medication in prison, but as he was not violent or aggressive, he was not forced to take any. The nursing staff saw him visiting the bathroom several times to drink water, but the significance of this behaviourwas notappreciated.
Four hours after admission, he began to vomit, and some hours later was semi-conscious. On examination, his pulse was 96/mm of low volume, blood pressure 130/80, and the abdomen slightly distended, with no rigidity or tenderness. An acute abdominal condition was suspected, and he was transferred to the general hospital, where his condition deteriorated further; the differential diagnosis at this stage included drug overdose and hepatic encephalopathy.
Investigations revealed a serum sodium of 118 mmol/l, K 3.6 mmol/l, Urea 2.3 mmol/l, and Glucose 6.0 mmol/l. Serum amylase was less than 100 Somogyi units and Osmolality 252 mOsm/kg.
The low sodium raised the suspicion of increased water intake, which was confirmed by the staff of the mental hospital. The patient himself confirmed this after he recovered, when he said that he had drunk the water as an â€oe¿ act of offering to the godsâ€•. Complete recovery occurred with a regime of restricted fluids. The results of other tests were: Urine chemistry valuesâ€"Osmolality 201, Na 44, K 24,Urea 138;X-raysofchest and abdomen normal; ECG normal: EEG showed â€oe¿ a diffuse disturbance of cortical function. . . compatible with electrolyte imbalance or effects of drugsâ€•. Several months later, during a subsequent admis sion, he again expressed a desire to drink a large quantity of water, but was successfully dissuaded by the alert medical and nursing staff.
Case 3 A 44 year-old chronic schizophrenic, with a history of chronic polydipsia, developed vomiting some hours after he was observed to have made several trips to the bathroom. He then had a grand mal seizure and lapsed into a semi-conscious state, with occasional myoclonus.He was trans ferred to the general hospital with a presumptive diagnosis of water intoxication; all drugs, including chlorpromazine, which he had been receiving for a long time,were stopped.There was no previous history of fits.
Serum values were: Sodium 120 mmol/l, Potas sium 4.5 mmol/l, and Urea 3.0 mmol/l. Urine specific gravity was 1006 and the urinary sodium was 109 mmol/l. Serum and urine osmolality and serum ADH were not estimated.
With fluid restriction, he made an uneventful recovery and was returned to his long-stay ward, where the nursing staff had observed an association between his water-drinking and his agitated mental state over a long period of time.
Case 4 A 43 year-old chronic schizophrenic who had no previous history of fits was found collapsed in his garden and admitted to the local general hospital, where serum Na was found to be 113, Urea 1.8, and Osmolality 229; Urine concentrating ability was normal. He responded to simple com mands, but replies to questions were unintelligible, and he appeired disorientated.
Fluid intake was restricted, and he was back to normal within about a day; he returned home and was resumed on depot neuroleptic injections.
One month later, he was readmitted with the same story, but this time had a grand mal fit while in the casualty department; serum Na was 113, and urine Na 39 mmol/l (110â€"240).He again returned to normal within about a day, but was uncooperative with efforts to restrict his fluid intake. On dis charge, further efforts were made to persuade the relatives to prevent the patient from drinking excessive quantities.
One month later, he was readmitted with a history of having had a grand mal fit in a bus; he was not unconscious, but restless, partly disorientated, and his speech was largely unintelligible. He persistently demanded fluid, and tried to drink out of a urinary bottle. Serum Na was 123 and Urea 1.8; he passed 3.5 1 of urine in the first 5Â½hours, with specific gravity of 1000. He again recovered rapidly, was referred for psychiatric day care, and has not so far had any further episodes of water intoxication.
Discussion
Compulsive water drinking can result both from psychological disturbances and from hypothalamic lesions that stimulate a thirst perception centre or destroy one that normally signals satiation of thirst (Shalev et a!, 1980) . Excessive water drinking for psychological reasons can be related to a wide range of psychopathology.
In psychodynamic terms, it might be seen in terms of the oral personality, where there is said to be failure to master early infantile impulses, the oral residues persisting as excessive mouth activities such as eating and drinking, particularly under conditions of stress.
An excess of body water arises when the homeostatic mechanisms fail to maintain equality between the intake and output of fluids. This mechanism (Fig. 1) is so sensitive to changes in plasma osmolality, and the kidney is capable of excreting excess water at such rapid rates that water excess is virtually never encountered as a result of increased intake, unless there is some associated disturbance in regulation of water balance (Lancet, 1953) . One explanation of water intoxication from psychogenic polydipsia could be that the prolonged excessive intake may cause a transient loss in the ability to excrete a maximally concentrated urine, probably due to decreased tonicity of the renal medullary concentrating apparatus.
The diagnosis of water intoxication is based primarily on a definite history of excessive inges tion, together with low serum sodium and serum osmolality. A low serum sodium concentration is in fact a prerequisite, but significant symptoms are rare until the concentration drops below 125 mmol/ 1. However, such patients may be unable to provide a good history or may actively conceal their excessive water ingestion, so that they require very close nursing observation.
The differential diagnosis includes both diabetes insipidus (DI) and SIADH; the major differences between the three conditions are set out in the Table. DI is similar to psychogenic polydipsia in that the volumes of fluid intake and urine output are excessively large and urine osmolality is low, but serum sodium and osmolality and blood urea nitrogen tend to be high, due to the excess renal fluid loss and subsequent dehydration. In contrast, these three values are low in patients with psycho genic polydipsia, due to extracellular fluid expan sion; when oral fluid intake is restricted, there is a gradual increase towards normal in the serum and urine osmolalities. SIADH is similar to psychogenic polydipsia in that serum sodium, osmolality, and blood urea nitrogen are low, due to the extracellular fluid expansion, which is secondary to excess renal water retention. Consequently, the urine of SIADH patients is concentrated, with high osmolality, while that of patients with psychogenic polydipsia is dilute, due to the high volume throughout.
Bartter & Schwartz (1967) Some psychotropic drugs may also stimulate fluid intake because they cause dryness of the mouth, but their relationship with SIADH remains controversial (Smith & Clark, 1980; Hariprasad & Eisenger, 1979 : Jose et a!, 1979 . Lithium carbonate antagonises the peripheral action of ADH, thus resulting in polyuria and secondary polydipsia, but it never leads to water intoxication.
Various hypotheses have been put forward to explain the association of SIADH with psychosis and water intoxication. Raskind et a! (1975) , on the basis of the anatomical proximity of the centres regulating thirst and ADH release and their connections with the limbic areas, suggested dopa minergic hyperactivity. Taking this one step fur ther, Smith & Clark (1980) speculated that antipsychotic drugs, by blocking dopaminergic activity, cause aberrations of dopaminergic-depen dent CNS functions such as thirst, drinking be haviour, and ADH secretion.
Alternatively, a mechanism similar to that hypothesised for tardive dyskinesia (denervation super-sensitivity) might be reasonable. In patients who develop water intoxica tion without having taken any neuroleptic drugs, it is possible that the hyperdopaminergic mechanism underlying the schizophrenic illness itself may be responsible for water intoxication, especially dur ing an exacerbation. In patient 2 reported here, this could be the mechanism for the production of water intoxication, but in itself, clearly cannot be the complete explanation, since not all severe relapses of schizophrenia are accompanied by polydipsia or water intoxication.
Possible association of SIADH and psychosis could be determined by the radio-immunoassay of serum ADH, but this test is not yet generally available. An ADH antagonist (demeclocycline) has been used, without other medication, in one schizophrenic, resulting in cessation of the polydipsia and no relapse of schizophrenia for eight months (Khamnei, 1984) .
Any psychiatric patient demonstrating a urinary specific gravity below 1008, and with a history of polyuna, should therefore be closely supervised for his water intake, and have his blood urea and electrolytes investigated.
The clinical course of water intoxication is usually uneventful, if the fluid intake can be restricted; water excess is generally corrected by profuse diuresis, associated with vomiting, defaecation, and perspiration which together allow the sensorium to clear within 72 hours. More severe cases may require intravenous infusion of hypertonic saline to improve the electro lyte imbalance, with diuretics and anticonvulsants in some cases, but this should only be done under specialised medical supervision.
It is also extremely important that a history of acute or chronic polydipsia should be sought in the case of any psychotic patient presenting with seizures or lowered consciousness.
There is evi dence that if the serum sodium falls below 125 mmol/l in less than 24 hours, the mortality rate approaches 50%, with permanent brain damage in a significant number of survivors (Arieff & Guisado, 1976) . Finally, in view of the possibility of recurrence in 50% of the cases (Smith & Clark, 1980) , psychiatric nursing staff need to be made aware of the significance of the water drinking behaviour of their patients.
